0. (1974). Thorax, 29,[713][714][715][716][717][718][719] Hypertrophic cardiomyopathy and hyperthyroidism. The combination of hypertrophic cardiomyopathy and hyperthyroidism gives rise to a complex clinical picture as some of the symptoms and signs may be common to both conditions. The presentation and investigation of three patients are reported. In one patient there was evidence of progression from the hypertrophic obstructive phase to that associated with loss of outflow tract obstruction. The echocardiogram was especially useful in assessing the presence or absence of hypertrophic disease in the thyrotoxic subject. It is suggested that the long continued high-output circulatory state in clinically undetected hyperthyroidism may prove to be a stimulus for unrestrained cardiac muscle hypertrophy.
Three patients are described, each of whom, at one time, had evidence of both hypertrophic cardiomyopathy and hyperthyroidism. Although the association of the two conditions may be fortuitous, the combination has not previously been reported, and the symptoms and signs pose problems in diagnosis which merit discussion. In addition, the extra work-load inherent in the maintenance of the hyperkinetic circulation in thyrotoxicosis might have some bearing on the aetiology of hypertrophic cardiomyopathy. Abnormal echocardiograms were recorded in each, and this technique proved a useful and simple method of screening these thyrotoxic patients when cardiomyopathy was suspected and prior to more detailed investigation by cardiac catheterization and angiography. CASE REPORTS PATIENT 1. A 38-year-old woman was referred to the cardiac clinic in 1958 because of a murmur. This had been noted by the general practitioner in 1956 but had not previously been commented upon at earlier routine examinations. Clinically an anxious woman of average build, the only physical abnormality was a grade 3/4 mid-to-late apical systolic murmur which ceased before the second sound. The blood pressure was 130/80 mmHg. The chest radiograph was normal. The electrocardiogram revealed sinus rhythm, frontal plane QRS axis -15°, a small Q in aVF, PR interval 0-12 sec. In 1959 she had attacks of paroxysmal supraventricular tachycardia, and a year later chest pain and shortness of breath on exertion occurred. In 1961 the electrocardiogram showed a pre-excitation type B pattern, PR interval 0-08 sec, frontal plane QRS axis +10°(repeated records remained almost identical henceforward). There was no alteration in the physical signs in the cardiovascular system but hyperthyroidism was suspected because of undue anxiety, tachycardia, and a small midline thyroid nodule. However, relevant investigations were negative (BMR 9%, 1'I thyroid uptake 25% at 4 hours and 50% at 48 hours).
The patient was followed up routinely and in 1968 typical thyrotoxicosis developed, thyroid enlargement becoming more obvious, although there were no eye signs. The diagnosis was confirmed with thyroid function studies (protein-bound iodine 9-5 and 11 2 ,ug/ 100 ml, 13'I thyroid uptake 68 % at 4 hours). A subtotal thyroidectomy was performed and histology showed a multinodular goitre with areas of epithelial hyperplasia and absorption of colloid.
The patient improved but the following year developed palpitations and attacks of paroxysmal nocturnal dyspnoea, necessitating full cardiac investigation. The chest radiograph revealed left ventricular enlargement, the electrocardiogram was unaltered, and an echocardiogram was abnormal (Fig. 1) There was no previous relevant history of cardiac disease; pernicious anaemia had been diagnosed in 1956, for which regular B12 injections were given. The protein-bound iodine was raised, 8-9 ug/l00 ml, but no further investigations were carried out. In August 1969 she complained of weight loss, anxiety, orthopnoea, and palpitation and expressed a preference for cold weather. Examination revealed a thin anxious woman with a palpable thyroid gland, hand tremor, and palmar erythema; tachycardia was present. There were no eye signs. The pulse was of full volume with a rapid upstroke, the blood pressure was 120/80 mmHg, there was evidence of left ventricular hypertrophy, and a grade 3/4 late apical systolic murmur was audible. The chest radiograph was normal but the electrocardiogram showed evidence of moderate left ventricular hypertrophy, frontal plane QRS axis of 00. Thyroid function tests confirmed thyrotoxicosis (protein-bound iodine 9-6 ,ug/100 ml, T3 resin uptake 121%, thyroxine iodine raised, '"I thyroid uptake 56% at 4 hours and 54% at 48 hours).
The patient improved with carbimazole but as the murmur remained loud detailed cardiac investigation was carried out. The echocardiogram (Fig. 3) showed a small forward systolic displacement of the anterior mitral valve leaflet with a normal diastolic closure rate. There was evidence of gross septal hypertrophy. At catheterangiography the left ventricular pressure was 160/14 mmHg, there was septal and papillary muscle hypertrophy, and a moderate degree of mitral regurgitation completed the picture of hypertrophic cardiomyopathy (Fig. 4) . When the patient became euthyroid repeat angiography and echocardiography showed no changes in the features of hypertrophic cardiomyopathy, although the electrocardiogram had become normal.
The patient had improved after 18 months of medical treatment but when this was stopped relapse occurred and radio-iodine was administered. To date her general condition is good, although the murmur is still loud and the systolic forward displacement of the mitral valve is still evident in the echocardiogram.
PATIENT 3. In 1956, thyrotoxicosis was diagnosed in a 32-year-old woman who was treated with carbimazole and thyroid extract for four years. An electrocardiogram had shown occasional sino-atrial block and established second-degree atrioventricular block with Wenckebach phenomenon. The chest radiograph showed cardiac enlargement. She responded well to the antithyroid treatment, but in 1966, while in Holland, a saddle embolism occurred during an episode of atrial fibrillation, and bilateral femoral arterial embolectomy was performed. Postoperatively the patient had a thyrotoxic crisis. Treatment with carbimazole was re-instituted and improvement was rapid. It was thought that an apical mid-to-late systolic murmur was due to rheumatic mitral disease but in retrospect the accompanying carotid arterial trace (Fig. 5 sounds were audible or recorded phonocardiographically. Atrial fibrillation was present, blood pressure was 130/80 mmHg, and the electrocardiogram showed evidence of moderate left ventricular hypertrophy. Carbimazole treatment was stopped but the following year thyrotoxicosis recurred. Radio-iodine therapy was given and the thyroid condition again improved, but in 1969 increasing dyspnoea, especially nocturnally, and an abnormal echocardiogram suggested the diagnosis of cardiomyopathy. The echocardiogram (Fig. 6) showed a fast diastolic closure rate of the anterior mitral valve leaflet with a secondary re-opening during mid-diastole; movement of the posterior ventricular wall and septum was reduced.
No forward systolic displacement of the mitral valve was evident. Right heart catheterization revealed an indirect mean left atrial pressure of 24 mmHg, rising to 32 mmHg after exercise. The pulmonary artery pressure was 53/20 with a mean of 36 mmHg. The left heart was not catheterized. In view of the deterioration in the patient's condition exploratory cardiac surgery was carried out. No valvar disease was present but limited examination by palpation through the mitral valve revealed marked thickening of the left ventricular muscle with increased cavity size. A biopsy was taken near the cardiac apex, and this showed gross hyperplasia of the muscle fibres with marked dystrophic changes. There was a considerable degree of fibrosis and elastosis, and some increase in glycogen in the perinuclear areas (Fig. 7) 2) and the other preceding the diagnosis of cardiac disease (patient 3). However, in patient 1 a cardiac murmur had been audible for many years before the definitive diagnosis of hypertrophic cardiomyopathy was made, and during the time this patient attended the cardiac clinic underlying thyrotoxicosis had been suspected as a cause of the cardiac lesion eight years before hyperthyroidism was actually confirmed.
It is possible that each might have suffered from occult hyperthyroidism for a prolonged length of time prior to obvious heart disease, as it is known that thyroid overactivity may not be manifest clinically, particularly in older subjects, until its presentation as a cardiac disorder (Symons, Richardson, and Wood, 1971) . Self-limiting periods of thyrotoxicosis have also been observed (McLarty, Alexander, Harden, and Robertson, 1971 ) and a repeated search for this condition may well prove rewarding in patients with hypertrophic cardiomyopathy when thyroid function is initially normal.
The clinical diagnosis of hypertrophic cardiomyopathy in the presence of hyperthyroidism is difficult to make since many of the physical signs are common to both diseases, viz, rapid upstroke pulse, mild hypertension, left ventricular type of cardiac impulse, and a systolic murmur at the left sternal edge. The murmur differs in timing in the two conditions and may be a useful diagnostic point of differentiation; in thyrotoxicosis the typical murmur is in early systole (Ueda et al., 1963) while in hypertrophic cardiomyopathy the murmur occurs later in systole (Goodwin, 1970) . Although in one of our three cases no murmur or abnormal sound was either heard or recorded from 1968 onwards, it would seem reasonable to suspect the presence of hypertrophic cardiomyopathy in addition to hyperthyroidism, should a mid or late systolic murmur persist after the euthyroid state is attained. Dysrhythmias commonly occur in both conditions, e.g., multiple ventricular ecoptic beats and atrial fibrillation, and although pre-excitation has been recorded in thyrotoxicosis (Sanghvi and Banerjee, 1961) , it is not possible to state if either hypertrophic car-diomyopathy or thyrotoxicosis was the cause of this abnormality in our first patient. We have found echocardiography especially informative in screening patients with thyrotoxicosis as it is frequently impossible or undesirable to perform invasive investigations in these highly anxious subjects if hypertrophic myocardial disease is suspected. The characteristic abnormal forward displacement of the anterior mitral valve leaflet (Pridie and Turnbull, 1968; Shah, Gramiak, and Kramer, 1969) was demonstrated in patients 1 and 2 where there was also evidence of septal hypertrophy. The former also had a reduced diastolic closure rate of the mitral valve. The abnormalities in the third patient were different. The diastolic closure rate of the anterior mitral valve leaflet was fast but, in addition, there was secondary reopening in mid-diastole. One explanation for this would be a rapid reversal of the pressure gradient between the left atrium and left ventricle because of the high left atrial pressure and a poorly compliant left ventricular muscle. In this patient there was also a notable absence of a systolic opening movement of the mitral valve, suggesting progression in the natural history of hypertrophic cardiomyopathy, from the truly hypertrophic state suggested by the phonocardiogram and indirect carotid pressure recording of 1966 to the current clinical condition with some of the features of the phase described by Goodwin (1970) where there is a spontaneous loss of outflow tract obstruction from impairment of systolic contractile function.
Thyrotoxicosis has been known to cause cardiac hypertrophy as shown by necropsy studies, but no contemporary data exist to compare these changes with the features of hypertrophic disease as described by Goodwin (1970) and Goodwin and Oakley (1972) . A search of the literature for detailed and unequivocal descriptions of necropsy findings in patients who have died after and with long-standing thyrotoxicosis indicates that impressive and abnormal left ventricular hypertrophy may occur, in keeping with the modern concept of hypertrophic myocardial disease. Symmers (1918) described six such patients, one of whom he stated had papillary muscle hypertrophy (and shown by photograph), and Loos (1929) also reported a similar case with gross left ventricular hypertrophy and a cartilage-like thickening of the papillary muscles.
The cardiac muscle biopsies which we have obtained showed the typical features of hypertrophic cardiomyopathy (Olsen, 1973) on light microscopy, histochemistry, and electron microscopy in one instance. In patient 3 the changes were not specific for this condition, showing evidence only of muscle hypertrophy and fibrosis, although the area examined was not from the most favourable site. Muscle hypertrophy could result directly from the effects of increased levels of circulating thyroid hormones and their analogues (Symons, Olsen, and Hawkey, 1974) , also from the secondary effect of tachycardia and augmented cardiac output. The long-continued high output state, conceivably clinically undetected for many years, may prove to be a stimulus for unrestrained muscle hypertrophy, if some underlying myocardial fault is present. A generalized muscle disorder may be present in both hyperthyroidism and hypertrophic cardiomyopathy, for it is of interest that the electromyogram shows diffuse abnormalities in the former condition, and changes have also been recorded in voluntary muscle in subjects with hypertrophic cardiomyopathy (Meerschwam, 1969) . We do not believe there is enough evidence to postulate an autoimmune basis for the myocardial abnormalities. Thyroid antibodies were negative in our patients, and in two cases where this test was performed we have not found any cardiac muscle antibodies.
Both hyperthyroidism and hypertrophic cardiomyopathy have a familial association, but none of the three patients we have described had relatives who had any unusual forms of cardiac disorder.
